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ENGINEERING SPECIFICATIONS 





SURED 


| l. WORK INCLUDED, The work consists of furnishing and delivering 
F,A,S, vessel, New York, the rotating parts, gates, gate-operating 

mechanism, throat ring, bottom plate, headcover, bearing, eto., for one 
complete adjustable-blade turbine, excepting only the embedded perte 

hereinafter listed, to complete the installation of one turbine for the 

Rio Negro Project (Obras Hydroelectricas del Rio Negro), Urugusy, with 

governor and accessories; and the services of supervising erectors, all 

in accordance with detailed requirements of these specifications. 

Embedded Parts Now Installed 


(b) Speed ring. 
(c) Supporting ring between speed ring and 
drafií-tube liner 


(d) Steel plate spiral casing and penstock, 


| 
(a) Draft tube, liner and flange. 
(e) Pit liner. 


as required for and incident to the proper 
installation of the foregoing parts, 


Drawings showing arrangement and details of the turbine parts 
| already installed and embedded in the concrete, will be provided to the 


(f) Anchor rods, supporting jacks and accessories, 


Contractor by the Purchaser. fhe Contractor shall so arrange and 








desig the work to be furnished by him that it shall fit the installed 


work and shall be readily attached thereto as necessary or required, 
subject to correctness of information furnished to the Contractor as to 
exact details and dimensions of enbedded parts. 


2. CONTRACT DRAWINGS, ETC. The following drawings, form a part of 
these specifications: 
Pe5837-B-1 - Wheel section showing parts to be 
furnished by the turbine manu- 
facturer, 
Pe5837-D-1 = Lifting arrangement and support frame, 
P-5837-0C-l, - Proposed method for welding runner 
blades, 
In case of discrepancy between these drawings and the follow- 
ing specifications, the latter shall take precedence, 
The Contractor shall subalt to the Consulting Engineer for 
approval at  . least the drawings hereinafter listed, in accordance 
with Article II-(c) of the contracti 


Drawings 
General drawing - Elevation 
" " — - Plan 
Wheel drawing = Sectional elevation 
" 8 ~- Plan 


Runner hub assembly - Sectional elevation 
" ۴ n = Sectional plan 

Oil head and support 

Throat ring detail 

Shaft detail 

Cover plate details 

Bearing assembly 

Blade servo-motor assemb 

Gate i " " 

Gate mechaniga assembly 

Air valve assembly 





3. 





Pressure | 

Stairways’ inp pit and platforms in pit 
Piping arrangement 

Wiring diagrexss 

Provisions for lubrieating parta 


The drawings shall show the materials, dimensions, finish, fits, 
clearances, tolerances and such other information as necessary to demon- 
strate compliance with the requirements of the specifications. — 

The unit shall conform to the following estimated data: 


(a) Runaway speed at 32.0 m. (105 ft.) 
head, with full gate anc blade opening, 
or at any governor-controlled gate and 
blade relationship normally used in 


operation = mw = = = = = = = = =.= 310 ۰ 


(b) Runaway apeed at 32.0 m, head, with no 
load, at full gate opening &nd with 
runner blades at angle giving the high- 
est ruuway speed = = =-=- =- -=-= == 365 ۵ 


(c) Weight of rotating parts -~ = = = == 350,000 lbs. 
(d) Weight of rotating parta and 

unbalanced hydraulic thrust at 32,0 m. 

(105 ft.) head = = ~ =- = += m= eo ” 1,430,000 lbs, 
(e) Net weight, heaviest piece -~ ~ =- ==- 55,000 lbs. 
(f) Weight of complete assenbly of 


turbine shaft, runner besring and 
headoover to be lifted by power- 


heave مر‎ woe tue wa donus Rc 365,000 1bs. 
(g) Natural frequaney of the turbine, 
in cycles per second ~ = =- = = = =~ = 13.44 


| ) Tet u jn Ak 
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BONITA EPI gor ages en 
3, MATERIALS, All materials used in the construction of tne 
apparatus ahall be selected as the best avallable for the purpose for 
which used, considering strength, ductility, durability, and best 
engineering practice, and shall ون‎ ee مرت‎ in Table 
I ~ Material Specifications, g 
Liberal factors of safety s3a1l be used throughout the design 
and especially in the design of all parts subject to alternating stresses 
or shock, as harein&fter specified, For the rotating parte of the turbines, 
the maximum unit stressss dus to runaway speed shall not exceed two-thirds 
of the yield point, The maximus wilt stresses for materials used ior the 
head cover and other parts subject to hydrostatic pressure or alternating 
stress shall not axceed the values in the following table, at the mnwximum 
loads occasioned by the most severe operating conditions, with the exception 
that a stress of two-thirds of the yield point will be allowed in the wicket 
gates, wickst-gate stems and wickei-gate stea levers at the breaking point 
of the breaking olesents. 


Maximum unit stress in pounds 
per square inch 


Strese in Stress in 





tension _ 

Cast Iron 2,000 10,000 

. Cast Steel 10,000 10,000 

Alloy Cast Steel 20 percent of the 20 percent of the 
ultimate strength ultimate 
or 33 peroent of or 33 percent of 
the yield point the yield point 


Plate Steel for 
Principal Parte 12,000 12,000 





For other materials used in the construction of the apparatus, 
the naximm unit stress due to maximum head and the nost severe normal 
operating conditions shall not exceed one-third of the yield point nor 
one-fifth of the ultimate strength of the material, 

The Contractor shall, upon request of the Zaginser, furnish 
Gilda) intermatien we to the selma unb stresses used in Qu Gesign 
or else all information necessary to check the design, 

All welding shall be in accordance with the American Society 
of Mechanical Engineers Boiler Construction Code for Unfired Pressure 
Vessels, Section VIII, All steel castings and tho welded steel plate 
work which will be subject to hydrostatio pressure or alternating stresses 
shall be stress-relieved by annealing, as outlined in the aforementioned 
code, 

The materials used in the manufacture of the apparatus shall be 
tested in accordance with the details thereof in the applicable specifi- 
cations, Tha Contractor shall furnish the Consulting Engineer with 
i viles af siparin ot tola ماما‎ tn suh ten ao V6 
provide means of determining compliance with the specifications, 


amem m — 


The cost of making all of the above required tests shall be \ 


\ 
borne by the Contractor, ‘The Gen shall. have the right to 
select additional test specimens of any of the materials to be used and | 


a 
" 


to make tests of the sans, at the expense of the Purchaser, 7 


i‏ س 
ae‏ 





5. 


1 A — — — HA - 
The Contractor shall notify the Goran tihng ingineer, or his 


authorised representative, in time to have an inspector present at the 
steel casting foundry: 


(a) When castings are cleaned ready for surface 
inspection and before any repairs are made, 


(b) After repairs are completed and before annealing, 
(c) After annealing and before shipment to the 
machine shop. 


No repaira shall be made to castings without the knowledge and 


cA 
approval of the peers en. Cracxs or other defects disclosed 


when the castings are cleaned or during machining operations shall be 


chipped off down to sound, clean metal before any repairs are made. 
| 
Castings requiring welding repaire at any stage of manufacture after the | 


j 
first annealing shall be re-annealed unless otherwise permitted by the 


۳ 


se Orders. Two copies of all purchase orders,showing 








firm names and addresses and list of material, shall be furnished the 


Consulting Engineer as soon as issued, (and immediate-notice shall-be- 








-etutiet Itwbe-of-4he-eeme,. Orders shall be so worded or marked that 
each item may be identified in the plans for the work, 


he WORKMANSHIP, All work shall be done and completed in a thorough, 
workmanlike manner and shall follow the best modern practice in the menu- 
facture of high-grade machinery, notwithstanding any omissions from these 
specifications or drawings. All work shall be done by mechanics skilled 
in their various trades, All parts shall be made accurately to standard 





be 


gauge when possible so as to facilitate repair and replacement, 


5. COOPERATION WITH OTHER CONTRACTORS, ‘The turbine contractor and 
his governor sub-oontractor shall exchange between themselves and the 
generator contractor, all necessary drawings, dimensions, templates, 
geugee, and other information required to insure the complete and proper 
design and s&mufacture of all connecting or related parts of the turbine, 
governor and generator, Two copies of all drawings and all correspondence 
relating to drawings and specifications interchanged between contractors 
shall be sent to the Consulting ‘ngineer, 

The Contractor shall be responsible for errors in tho information 
that he supplies to the governor subcontractor and/or the generator con- 
tractor, Any adjustments due to such errors shall be nade without involving 
extra cost to the Purchaser, Adjustments required at the site to secure 
accurate IN and proper clearances with the parte actually in place will 
be the responsibility of the Purchaser, if such work is necessary through 
no fault of the Contractor, 


6. TIPE AND DESCRIPTION CF TURBINE. The turbine shall be of the 
vertioal shaft, adjustable-blade propeller type, to be installed in the 
alraady-placed embedded turbines parte, The turbine shall be so 
designed and constructed that all removable parts, inoluding runner, 
shaft, guide bearing, guide bearing support, crown and bottom plates, 
gate operating mechaniaa, ami the wicket cates can be removed from 
above. The turbine contractor shall cooperate with the generator 


i. 


contractor to the end that tne largest turbine part required to be passed 
through the generator stator way be accommodated by the opening through 
the generator stator, 


The turbine shall te designed for a capacity at full gate of 
not less than 10,000 horsepower at a net effective head of 21.1 m(69.2 ft.), 
and not less than 30,000 horsepower at a net effective head of 16.7 m(5h.8 (۰ 
It shall operate at any gate and at all available heads, corresponding to 
head and tailwater conditions ۳ < mg listed, within the cavitation 


Lindis to be established a a O med Lip 


f T ctm m i a tpi سیا‎ nnam i 


- The Purchaser will lizit the output to 45,000 horsepower, (the | 





/ هت‎ IRE SON the generator), with such degree of assurances as 


| available protective devices will persit, by load-limit stop on the 


i governor and adjustable mechanical stop on the ziston stroke of tne gate 





es a: and aay other approved means, 


ae an Sn 


All parts of turbine shall be designed end constructed to with- 
stand, without injury, the stress produced by the maximum runaway speed 
of the unit when operating at 32,0 m(105,0 ft.) net head, with no load 
on the generator, 


Head Variations, The normal pool level for the initial instal- 
lation will be at elevation 80.0 m(262.0 ft.), to be increased subse- 
quently to elevation Öh.O =(275.6 ft.) for the ultimate installation, 

The proposed operating conditions will be as follows: 








Initial 


Installation | 
Normal pool elevation 80,0 m.(262.0 ft.) 
Maxime pool elevation 82,8 m.(271,5 ft.) 
Minimum pool elevation 11,5 m.(234.5 ft.) 


Tailwater elevation,-no discharge 50,0 w.(16h.0 fi.) 
Tailwater olevation,-160 m/sec, 


(5,650 cfs) discharge 52.2 m.(171.2 ft.) 
Tailwater elevation,-ólO m/sec. 
(22,600 cfs) discharge Shel m. (178.5 ft.) 





Ultimate 


Installation — — 


8l. 0 ms (275.6 ft.) 
85.4 m, (230,0 ft.) 


50,0 We (155,0 ft.) 
52.2 m, (171,2 ft.) 


Shek m. (178.5 ft.) 


It is proposed to discharge over the spillway at any tine the 


normal elevation of the pool is exceeded, thus raising the tailwater, 


as indicated on the tailwater rating curve attached to these specifica- 


tions. For all headwater elevations above normal pool level, the tur- 


bine will therefore operate with materially raised tailwater and reduced 


head, Previous studies indicate that spillway discharges of 3,000 m/sec. 


to h,500 m/sec. (105,000 to 150,000 cfs) may seldom be expected; whereas 
discharges of 2,000 m/sec. to 2,500 nJ/sec, (70,000 to 90,000 cfs) may 
be very frequent. The variation in tailwater at different discharges is 


shown on the aecompanying curve sheet No, R-SK-1, 


Speed and Rotation, The normal speed of the turbine shall be 


136.4 rpm, Rotation shall be in coumterclockwise direction when viewed 


fron top down. 


The turbine shall be so designed that the maximm runaway speed, 


with no load on the generator, will not exeesd the runaway speed deter- 


OA. 


mined from the medel tests but not mare than 365 repem. at 32,0 m. 
(105.0 ft.) net head, with full-open turbine gates and partially closed 

blade opening, or any other gate and blade relationship giving highest 

runaway speed, If the model tests indicate higher runaway speed then 

herein specified, then the Contractor shall provide, at’ additional eost, A 
limit steps or other means to limit the runaway speed so that the spoel- 

fied speed will not be exceeded, | 


T. TURBINE MODEL TESTS, The Contractor shall conduct model 
laboratory teste to indicate the efficiency snd power, and the power 
output límite, of the prototype turbine, 

The Contractor shall construct a test model of the turbine 








E ^ 9. 


| Nie 
exactly homologous with the turbine to be furnished, ^ dhe blades of 
the model runner shall be manually adjustable to angles conferming 
to the prototype. The model tests shall be made in a scroll case, 
Speed ring and draft tube setting homologous to the prototype. 

The cavitation límits of the full size turbine shall be 
carefully determined by the model tests, under the head and tailwater 
conditions that will be encountered in normal operation. 

The Engineer (and the Purchaser's representative) shall 
observe and be satisfied as to the results of any such tests. When 
the Contractor is satisfied as tc the results of the model tests, he 
shall notify the Engineer that the observation tests are ready to be 
run. The Engineer or his representative will promptly visit the 
laboratory and witness such tests as he may desire to have repeated, 
| All tests that are made shall be made at the Contractor's 
expense, except expenses of the Engineer and the Purchaser's repre- 
sentative which shall be paid by the Purchaser. The Purchaser may 
arrange for additional tests which he may wish to have run, at the 
rate of $100 per B hour day for the use of Contractor's laboratory. 
Additional design work and material required for such added tests 
` will be paid for at cost, inoluding overhead, plus 15% for handling 
charge. Should over-time work of laboratory employees be required 
for such added tests, tha excess cost plus 15% handling charge shall 
be borne by the Purchaser. 


8. EFFICIENCY AND OUTPUT. The turbine shall be designed to 
afford the best efficiency over a wide range of gate openings for 


9A 


heads between 21.1 and 27.0 meters (69.0 and 88.5 feet), and the 


specified outputs, as follows: 
x) Cor 





۱ output ۰ 9 ۰ ۰ " e è è * ۰ . | li ,000 hp ۳ 
Full gate capesity at 21.1 m. (69.0 ft.) s. 
net head 


mith headwater olev 16 0 2. 219.5 ft ۱. S a | 
den tailwater elev. 5h.5 m. 98 ft. z 





Full gate capacity at 15.7 m. (5h.8 ft.) | 
net head e 30,000 hp Ji 

frio tester de 71.5 m. 234.5 ft.) ) 1g 
and tailwater elev Shel Me (170.5 سس( ماگ‎ 


= nn 


ÈE 


Whether a ACC nt 








1c SNOOP LIE MELEE qood E 


tres tis mode teste by ratios of the 3/2 powera of the heads and the / 


squares of the ae “Tegel 2 yer A Tata af tac \ ۱ 
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۱ 
The efficiency of ths prototype runner shall bo determined | 
from the efficiency of the model, by correcting in accordance with ` 


the "Moody formula" as follows: 


E» = 100 = (100 - 23) ij^ | / 7 


(Da) 
Wherein Do = diameter of turbine runner 
Dy = diameter of model runner 
E, = effieileney of turbine in percent 


La 


Ey = efficiency of model in percent 


س 


The correction shall be applied to the point of 
maximo efficiency for each blade angle tested. | 


The efficiency at any cther point, tested at | 9 

the same blade angle, shall be the model | 8 u 
efficiency increased by the same amount as W Ay 
for the point of maxizmm efficiency for that aF 

blads angle. 





| The model will not be approved unless the peak efficiencies 
of the prototype runner as determined hy application of the above 
forma, at heads of 21.1 to E» nousa (69.0 to n feet) n 


۳ P. ee y^ al 


shall be 05 or higher, — nt ee Les er 
| KA v ^ سم تن‎ Clana HL"? 
9. RUNNER. The runner . shall be of the so-called "Kaplan", or evo na 
adjustable-blade propeller type, with blades automatically operated t 1 Ne 
Sy eet ۵ CAAA 
by the governor with each movement of the control gates, through the a 
medium of an oil servo-motor located in the turbine shaft. 
Pe 
X 


The blades shall be of special grade of alloy steel. The 
shank of each blade shall be securely held in the runner hub and 
shall be ample in sise and strength to withstand the cantilever 
weight and hydraulic pressure on the blade with sudden closure wider 
maximus head, e 

The eross-head, links, hub, blades, and all parts shall be 
adjusted in weight and distribution of weight to provide accurate 
rotative balance of the complete runner, which shall be balanced an 
& whole and tested for statis balance in the presence of the Engineer 
or his representative, 

The runner blades shall be protected against pitting hy 
welding a strip of 18% chromium and 8% nickel, or equal corrosion- 
resisting steel, to the periphery of the blades including the tips 


and trailing edges, and shall also be pre-welded on the underside or 


back with stainless steel to a depth of 1/1" in ascordange with the 
thickness of strips, location, ete., as shown on aecompanying sketch 
P«503T-O-. 

All surfaces of the runner which will be in contact with 
water passing through it shall be finished smooth, so that they shall 
be free of hollows, depressions, cracks or projections that might 
cause incipient cavitation or pitting. 


10. RUNNER HUB. The hub shall be of annealed cast steel, The 
portion of the hub to which the blades attach shall be spherical in 
shape to reduos clearances between blade and hub at all blade 
positions. 





An additional bearing shall be provided for each blade 
near the center of the hub, These bearings and the thrust bearings 
for the blade shanks shall be lined with bronse bushings of special 
composition to withstand the high bearing loads, Corrosion resisting 
steel bands shall be installed around the runner blade shanks to form 


the contact surfaces for the packing rings. 


The runner hub shall be designed to be full of oil at all 
times under a pressure creater than maximum operating tailwater, 
elevation Slelm (178.5 ft.). Satisfactory means of replacing oil 
lost by leakage and on maintaining such pressure, without the 
necessity ofsiutting down for either operation, shall be provided, 


The shank of each blade shall be so packed into the hub as 
to be tight against leakage of oil from the hub during rotation of 
blade-angle under the oil pressure necessary to exolude highest water 
steal E the packing shall te double acting to prevent 
entrances of water into the hub in event of accidental deficiency of 
oil pressure ín the hub, 


The design and construction of packing ring glands around 
the blade shank must be sugh that the rings and packing can be 


replaced without removal of the runner and shaft. The runner aftar 

assembly shall be shop tested for any oll leaks with blades in motion 
if practicable, or at least in twc sositions, with an oil of governor 
oil viscosity and under double the pressure which will exist in nernal 


operation. 


i, BLADE OPREATING CARIES, 

(a) O11 Supply Head and Control Valve. The oll supply head 
shall be mounted on ton of the generator nilot exciter on a suitable 
Bupport to be furnished by the cenerator contractor. The oil supoly 
head, together with suitable packing boxes anc seamless steel tubes 
and connections to the blade servo-motor, and the blade control valve, 
together with all nining anc commensatin: mechanism between the control 
valve end the oll supply head shall be furnished by the Zontractor. 

The Contractor shall cooperate with the renerator contractor 
in securing a neat arranzemont of the oil Supply head, permanent magnet 
zenerater, and « minimum amount of exnosed pining between the actuator 
control valve and cil supoly head. All openin:s in the housing shall 
be screened in accordance with the censrator contractor's soecí?lcations. 
A ladder shall be provided for access to the top of the oil head. 

The necessary Supoly piping from the vovernor pressure tank 
to the control valve and return sivin: from the control valve to the 
governor sump tank ghall be furnished with the sovernor equioment. 
Provisions shall be made for returning oil which leaks past the packine 
boxes in the oil supply head and from the blade serve=-notor cylinder 


to the governor sum tank. 





The oil head stuffing boxes shall each be equipped with two 
thermostatic relays, for operating alarm or automatic shut-dowm devices 
located in the actuator cabinet, 

The blade servo-aotor shall be capable, under maximum or most 
unfavorable head, of moving the turbine blades a full opening stroke in 


۲ M 
5 seconds, with an adequate supply of oil at 250 lbs, pressure. The c? | 
full closing stroke of the blades shall be in 8 to 10 seconds, Pro- d 

no” 
visions shall be made so that the rate of movement of the runner blades | Ma 


ean be adjusted to longer intervals, either opening or closing, if the a wn, 
field operation indicates this to be desirable, ۱ 
Pressure indicator connections shall be provided on the oil 
supply head for test of servo-motor performance, 
The oil pressure pipe lines within the generator shaft shall 
be connected at the lower end, with the blade operating cylinder and 
piston respectively in such a manner that the connection may be acces- 
sible for disconnecting by first opening the flange Joint of the main 
shaft above the operating cylinder and then lifting the generator shaft 
a minimum distance to (ive access, 
The turbine contractor shall furnish the necessary cam 
mechanisms to insure proper liaison between the gate movement and blade 
movement and shall ship them to his governor sub-contractor, for incor 
poration in the actuator. The cam or cams controlling the relative 
movements shall first be designed from the test data of the accepted 
model runner and subject to modification on the results of field test 
of the final unit, using index test or complete efficiency test ^ 
as a basis. For the proper relative positions of the gates and 
blades over the full range of head, the Contractor shall provide an KE 





(b) Blade Operating Mechanism, The runner blade connecting 
rod required within the tain turbina shaft for the operation of the runner 


blades shall be of such composition and of sufficient size and strength 
to provide an ample factor of safety against failure from fatigue or 
other causes. The lower end of this connecting rod or extension to it 
szall bs properly guided below the cross-head, 
The connecting rod bearing immediately below the servo-uotor 
cylinder shall be provided with a bronse liner, or other means, which can 
be replaced to maintain oil tightness in the event of excessive war, NL 


12. TURSINE SHAFT, The shaft shall be of forged open-hearth carbon 


' er alloy steel, properly heat treated snd of ample size to operate without 


A Va Yt eu a 
As ME Ya at any speed up to flecti pre « هر‎ 
speed, It shall extend 218۱4 7/16" above the centerline of the 


turbine distributor and shall be in three parts; namely, (1) the 





lowsr section attached to the runner hub, (2) the intermediate 
section containing the blade sérvo-uotor aylinder, and (3) the upper 
section which connects to the generator shaft, Forged flanged half 
couplings shall be provided at each end of the upper and lower shaft 


sections, 


The design of the turbine shaft shall be such as to permit 
the lower flange of the generator shaft to be of normal 

The turbine shaft shall be accurately machined anc finished 
throughout. The entire shaft shall be hollow for operation of the 
blade operating rod to the hub of the turbine and the machining of the 
bore shall be finished sufficiently smooth to permit visual inspection 
of the metal in the interior of the shaft. Just above the bearing 
housing a cirawsferential line shall be scribed on the shaft, and an 
adjustable pointer shall be mounted on the bearing housing opposite 
this line to indicate if any lowering of the shaft occurs, and to 
permit re-alignment after thrust bearing dismantling. The shaft shall 
be polished at convenient location below the coupling and above the 
bearing to facilitate checking alignment. 

The turbine shaft shall have a removable and renewable 
sleeve of bronze or corrosion-resisting steel (13% to 1% chromium) 
where it passes through the stuffing box, and shall be enlarged and 
polished where íi passes through the guide bearing in the turbine head- 
eover, ۸ ater definetor shall be provided between the main 
guide bearing and the stuffing box. 

AX eylindrical bearing portions of the turbine shaft shall 


show not more than .0015 inch on the indicator, or .00075 inch from 


straight. Faces of coupling flanges shall show a maximm of .00075 
inch on the indicator. The male projection of the turbine shaft 
shall show a maximum run-out of not more than ,O01 inch. The surface 
of the shaft at the turbine main bearing shall show not more than 2 
inch on the indicator. 


b 





17. 


The turbine contractor shall make such arran;ements with the 
generator contractor as may be necessary to provide an accurate fit 
between the two halves of the coupling. The length of the male connec- 
tion which shall be on the turbine shaft shall be approximately 1/2 inch. 
A sliding fit shall be provided between the two halves of the coupling, 
The generator shaft will have backing-out bolts in the coupling flenge, 
suitable for breaking the joint. 

The turbine contractor shall furnish all coupling bolts and 
nuts for attaching the generator shaft to the turbine shaft and for the 
turbine shaft sections. The coupling bolts shall be a close machine 
fit and of dimensions consistent with the remainder of the design, 

Taper bolts shall not-be used. The coupling bolts shall be provided 
with suitable locking devices to prevent the nuts from turning loose, 
The Contractor shall provide a bolt press or jack for inserting and 
removing the coupling bolts. This bolt press or jack shall become and 
remain the property of the Purchaser, 

The generator shaft will be shipped to the turbins*contraetor, 
who shall remm the holes in the generator and turbine coupling flanges 
and fit the coupling bolts. The turbine contractor shall check shaft 
sections individually, and then assemble the generator shaft and the 
sections of turbine shaft on trunnions or vertically for alignment check 
of the entire shaft, The cylindrical bearing surfaces of the assembled 
turbine and generator shafts shall show not more than 4003 inch on the 
indicator, or .0015 inch from straight. Thrust bearing faces shall 
show a maximum of .0015 inch on the indicator, | 


۷ 





18. 


Aligment shall be witnessed and approved in writing by the 
generator contracter, the turbine contractor, and the Purchaser or his 
Engineer, Any corrections to the generator and turbine shaft shall be 
made immediately, the turbine and generator contractors cooperating to 
effeet this so as to minimise any delays and adhere to the shipping 
schedules, The turbine contractor shall receive, unlodd, re-load and 
ship the generator shaft at his expense to the paint of delivery, but 
under supervision of the generator manufacturer's representative, and 
hs shall make allowance therefor in his bid. 


13. GUIDE BEARING., The main turbine guide bearing shall be of 

approved height, of babbitt-lined, ail lubricated type, located above 
the runner and shall consist of a bearing support and a removable baar- 
ing shell, The bearing shall be located as close as possible to the 
میس‎ éomkistent with eonvenient acosss to the main pesking gland. 
It shall be so arranged as to permit at least 5/8 inch vertical movement 
ef the runner and shaft for adjusting and dismantling the gmereter thrust 
bearing. The bearing support shall be of east iron or welded plate steel 
of heavy construction, supported en the headoover and designed to hold the 
bearing shell rigidly. 

The bearing shall have removable top eover plates to prevent 
dirt or foreign matter working ite way into the bearing. The bearing 
housing and bearing shell shall be split veriisally into two sectiens 
to facilitate dismantling, 

The bearing shell shall be lined with babbitt similar and 


at least equal. $0-fiüipechiemedrünesmo-ciiEstttgesr Tuftex No, 20 alloy, 


19. 


thoroughly peaned, accurately bored, and suitably grooved for oil 
circulation. The bearing shell shall be scraped and polished in the 


shop to fit properly on the shaft. Suitable liftine eyes and backing 
out studs shall be provided to facilitate removing and installing the 
bearinz shell segments and the bearing in a minimus amount of time. 

lubrication of the tarbine guide bearing shall be effected 
by oil circulated through the bearing. The circulation shall be from 
an ofl reservoir in the bottom of the bearing, to the oil pumps, and 
thence through the bearing, and after passing through the bearing, the 
ofl shall be returned to the oil reservoir. If cooling is necessary, 
the oil shall be circulated through suitable cooling coils immersed 
in circulating cold water. Cooling coils shall not be placed in the 
guide bearing housing. The lubricating oil system shall have sufficient 
capacity to supply the required amount of ofl to the turbine guide 
Secs: tad diur aX pacers eX) en میج‎ mitto: en odi 
all the oil in the entire bearing systen. 

Two independent, motor-driven, positive displacement, rotary 
type, oil pumps shall be provided for circulating the lubricating oil. 
One of the oil pumps shall be driven by a 3 phase, 50 cycle, 380 volt, 
full voltage starting motor, and the other pump shall bo driven by a 
250 volt, direst-current motor, power for which will be supplied from 
the station storage battery. Normally the oil shall be cirewlated by 
the alternating—current motor paming unit, but the direct-current 
motor shall be arranged to start automatically and supply o11 to the 
bearing on failure of the alternating-current supply. The pump motors 
shall conform to A.S.A. Standards, shall have enclosed conduit boxes 
and shall be reasonably protected against moisture. The Contractor 
shall provide manually operated control switches and overload protection 
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for each pump motor, to be mounted on the instrument panel specified in 
paragraph 20, 

A pressure switch shall be provided in the bearing oil supply 
line, or a float switch provided in the oil supply reservoir, or both, 
so as to provide automatic control of the oil pumps as mee above 
and to operate an alarm and indicating licht on the switchboard, Pro- 
vision shall be made to operate an alarm upon failure of the alternating- 
current pumping unit, 

AÛ external wiring beyond the limits of the turbine pit for 
the motors, Alarms, and shut-down features will be supplied by the 
Purchaser, 

Under any condition of normal operation, from spesdeno-load 
to full load, or with the generator running as a motor, no water shall 
enter the lubricating oil system, and there shall be no appreciable 
loss of oil by leakage past tho lower oil shedder or by overflow frog 
any part of the oll system, 

The Centractor shall furnish the sight=-flow indicator, oil- 
level gauge, all piping between the turbine bearing, pumping units and 
oil reservoir, and temperature relays, indicators, and detectors as 
specified in paragraph 20, All oil piping shall be brass, with brass 
valves and fittings. 

Stuffing Box. The shaft stuffing box shall be provided with 
a lantern ring, designed to be easily removable, securely held te 
prevent rotation with the shaft, and provided with connections for 


water lubrication, Approved packing rings shall be provided above 

and below the lantern ring. The stuffing box sland shall be removable, 
of cast iron or alumimm alloy, split vertically and provided with 
corrosion-resisting bolts. 


A rubber sealing tube device shall be provided around the ۳ 
lower end of the main shaft stuffing box, to minimise the leakage je 
of water while the packing is being replaced. etin 

tx‏ مه 

A suitable water line of sopper tubing Shall be provided —— 


by the Contractor to the stuffing box for its lubrication, one brangh 
of this line to go through the wall of the stuffing box to the lantermn 
Ying and the second branch to carry water for circulation around the 
top of the stuffing box. The Purchaser will tring in clear water 
supply to one point in the turbine pit snd the Contractor shall provide 
all other piping, fittings, valves, etc. required in the turbine pit. 


1i. HEAD COVER AND CROWN PLATE. The head cover shall be of welded 
steel plates, properly sectionalised for shipment and handling, and 
shall be made in two units. It shall have a circumferential joint 
inside of the gate circle of such diameter that the central portion 
of the head cover, guide bearing, runner and turbine shaft can be 
completely removed or installed without disturbing the control gate 
bearings and packing glands, Suitable lifting devices shall be provided 
at four points of attachment on the head cover for lifting this complete 
assembly with the crane, 
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The annular rings of the head cover shall have heavy flanges 
properly designed so as to prevent undue deflection and shall be bolted 
in position by means of ample mmber of corresion-reeieting bolts, The 
inner cover plate shall be machined as required for receiving the main 
shaft bearing and stuffing box, The outer cover plate shall be machined 
for proper mounting, and shall have non-corrosive bushingsand adjustable 
bronse packing glands for upper control of the gate stens, 

Removable steal woaring plates, (A.S.T.M. ArS9e39, rirebox 
quality, Grade B), shall be provided in the outer cover plate above the 
wicket gates, the exposed surfaces to form a raised annuler ring located 
to match the points of contact between the heat cover and the cates in 
their closed position. The wearing plates shall be attached with 
oorrosiuneresistinc screws, 

The assembled head cover shall be provided with four openings 
spaced 90 degrees spart, equipped with Û" diameter automatio air inlet | 
valves to open on sudden rejection of load. The valves shall act as 
Check valves, or be provided with separate check valves, to prevent the 
outflow of air or water and shall be adjustable for different gate positions, 
A handeoperated valve shall also be provided to admit compresse: air to 
depress the water level in the draft tube, The Contractor shall furnish 
all piping in the turbine pit up to the pit liner, suitably flanged at its 
terminii at the liner, The piping will te continued from that point by the 
Purchaser, 

If the Contractor considers that air at atmospheric pressure 
will be inadequats to satisfactorily protect the turbine against sudden 
rejection of full loei, he shall provide and connect/the turbine with 
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piping a storage tank adjacent to each unit for the storace of air at 
100 pounds pressure sufficient in amount to relieve any danger to the 
turbine, Air for this tank will be furnished fram the station air 
compressor system which, with the piping to tha tank, will be provided 
by the Purchaser. 
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15. BOTTOM PLATE AND DISCHARGE RING, The bottom plate shall be of 
cast steel and shall be suitably sectiíonalised if necessary to facilitate 
shipment and handling, It shall be designed to be bolted to and to be 
removable from the speed ring and the discharge ring. The contact surfaces 
between the bottom plate and the speed ring and the discharge ring, shall 
be machined, The bottom plate shall be machine finishedshere needed and 
drilled and bronze bushed as required to receive the lower ends of the 
gate stems, The bushings shall be lubricated by grease forced through 
the hollow gate stens. Removable rolled steel wearing plates, (A.S.T.H. 
A-09-39, firebox quality, Grade E), attached with corrosion-resisting 
screws, shall be provided to form an annular ring located to natch the 
points of eontact between the bottom plate and the gates in their closed 
position, 

The discharge or throst ring shall be nade of welded steel 
plates, suitably sectionalised for shipment. It shall be stiffened with 
vertical and horisontal stiffener ribs and flanges, and designed to be 
bolted to and supported by. the present installed equipment with hole 
locations and sizes properly matched. The interior surface shall be 
completely machined and the surface below the center of the blades shall be 
partly spherical in shape. 
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16. GATES AND OPERATING MECHANISM, The turbine wicket gates and 





gate stems shall be made of steel castings wita the stems cast integrally. 
At the top and bottom of each gate and on the closing edges there shall 

be welded plates, strips, or beads of corrosion-resisting steal, "13% 
chrome", of a thickness not less than l/l inch, Each gate shall be 
accurately machined and finished and all gates shall be interchangeable, 
Three bronse—bushed, grease-lubricated guide bearings shall be provided 
for each gate, one located in the bottom plate and the other two located 
in the crown plate, oue below and the other above the stuffing box, Each 
gate stem shall also be provided with a bronge tarust bearing or collar 
to carry the weight of the gate. Provision shell be made for adjusting 
and maintaining the adjustment of individual gates in mid-position between 
the bottom and crown plates, The gate stems shall be drilled and piped 
for their entire length for grease lubrication of the lower stem bearings 
in the bottom plate, Approved packing shall be used in the stuffing boxes 
in the crown plate, 

All parts having relative motion in contact shall be properly 
bushed with bronze bushings and gate stems and other mating surfaces in 
contact with water shall have corrosion-resisting steel sleeves, All 
surfaces shall be provided with convenient and adequate mems for forced 
grease lubrication, 

Operating Mechanism, Ine gate operating mechanism shall be of 
ample strength to withstand maximm load that can be imposed on it by the 
most severe operating conditions, The design md construction shall be 
such that lost notion and wear will be reduced to a minimum and means shall 





be provided for adjusting the position of any individual gate independently 


of the others, in order that each gate will make closs contact with 
adjacent gates in closed position, and all gates shall have equal, 
inpofar as practicable, simultaneous openings, Ample surplus adjust- 
ment shall be available to compensate for future wear and distortion, 

A suitable breaking element shall be provided between each 
gate stem and the gate shifting ring which will be strony enough to 
withstand the naximm operating forces, but will break at yield from 
forces acting in either the opening or closing direction and protect the 
rest of the mechanism from injury in case one or more of the gates should 
become blocked, 

Stops shall be provided to limit the angle of movement of the 
gate stem levers in case of breakage of the above-specified protective 
device, so that interference of the loose gate with operation of the other 
gates will be prevented, The cesign of the operating mechanism shall be 
such that the failure of the breaking element will not interfere with the 
operation of the other parts. 

The entire operating mechanism and connections for controlling 
the gates shall be readily accessitle for inspection, adjustment and 
repair. The gate shifting ring shall be of cast steel or welded plate 
ateel and shall be properly guided by renewable bronze guide strips, Ths 
shifting ring and gaetemecnanism shall be so located that they do not need 


‘to be disturbed to dismantle and replace the main guide bearing shell and 


accessories, 
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Provision shall be made by the turbine contractor for the 


f 
| 


gonnection of governor restoring mechanism to the turbine shifting ring, 
/ 





f l7, GATE OPERATING CYLINDERS (SERVO-HOTORS) 
roa The turbine shall be provided with two oil-pressure operated, 


۳ if 
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i ۱ |double-action, hydraulic cylinders or servo-gotors haying & combined 
capacity sufficient to supply the maximum force necessary to operate the 
gates under all conditions of head and load with a ninimm oil pressure 
of 250 pounds per square inch, The maximum operating oil pressure shall 
be 300 pounds per square inch, and the cylinders shall be tested 1n the 
shop at 450 pounds pressure, At the oil pressure of 250 pounds per 
equare inoh, and with adequate supply of oil, tho servo-motors shall be 
capable, under naxima operating head conditions, of moving the turbine 
getes through a full opening or a full dosing stroke in $ seconds, 11 
under pressure, for operating the servo-motors, shall be controlled by 
the governor actuator, 

The servo-uotor cylinders shall be of cast iron with cast steel 
heads, and shall be accurately bored, and provided with flanges for the 
connecting oil piping, and with stuffing boxes for preventing leakage of 
oil along the piston rods, The cylinders shall be mounted on machined 
surfaces on the turbine pit liner, The -pistons of the servo-motors shall 
be of cast iron and shall each be fitted with not less than three cast— 
iron piston rings suitably shaped to sive close contact and uniform 
pressure on the cylinder walls and prevent leakage of oil past the 


pistons, Suitable drain valves and piping shall be furnished to drain 
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each end of each cylinder, Taps shall be provided on each onc of each 
cate servo-motor for use in insertin:; pressure indicators anc to permit 
bleedin: the pressure in case of ۵۳0 

The servo-motors shall be equipped with adjustable means lor 
retarding the rate of closure from slichtly below the speed-no-load posi- 
tion to the fully closed position, Suitable mechanical lockin; devices 
shall be sroviced by which the turbine pates ray be hell securely in the 
open am! closed position against maximum ;overnor oil pressure in the 
cylinders. A manually acjustable stop or blocking device shall be provided 
to limit the gate openín:; when the head is so high as to develop more than 
the cavitation limit of capacity. This block shall be readily adjustable 
for different cate openings to sult different neads, A scale affixed to 
the mechanima shall show the limit for which the device is set. A scale 
with pointer to indicate actual cate openin:; shall be crovided on one 


servo-emoLtor, 


18, CAVITATION OR PITTING, The Contractor shall guarantee the runner \ 
avainst excessive cavitation or »íttinz for n period of 1 (one) year from 
date it is placed in service, or not to exceed 2 (two) years after completion 
and offer of shipment, The Contractor's suarantee of the runner arainst | 
cavitation or pitting shall cover only normal turbine operation from one- | 
quarter load up to safe cavitation limit, as established by the laboratory 
tests for the prevailing head and tailwater conditions, 

ixcessive cavitation or pitting on tho runner shall be defined as 

the removal of more than £ i 1 pounds of metal from the runner er-depth of 
pitting of: more than l/l'"-at-any »lasé on face of The.  irosion or damage 
caused by suspended matter in the water, or corrosion caused by the chemical 
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composition of the water, are not intended to be covered by Contractor's 
guarantee, 


19. DRAINS AND PUMPS, Two drainage sump pumps shall be provided in 
the bearing support section of the cover plate with discharge through a 
pipe going through the pit liner, and over the scroll case to the drainage 
tunnel below, Two motor-driven, self=priming vertical type pumps, complete 
with all necessary piping shall be provided for removing the turbine leakage 
water, One of the pumps shall be driven by a 50-oycle, 380 volt, alternating- 
current motor, and the other pump shall be driven by 250 volt, direct-current 
motor, power for which will be supplied from the station storage battery, 
Normally the water will be pumped by the alternatingecurrent motor pumping 
unit, but the directecurrent motor shall be arranged to start automatically, 
in the event of failure of the alternating-current motor pumping unit er 
excessive rise of water in the sumps. 

The amps shall each be provided with suitable intake screens 
accessible for inspection and cleaning and with float-cverated switches so 
arranged that an alarm will sound when the second pump starts. The Contractor 
shall furnish all pipe, fittings, eto., within the turbine pit, Smeluding 
electric wiring, for complete drainage, 


20. GAUOES, RELAYS, THERMOMETERS AND PIPING, The Contractor shall 
furnish the following accessories with each turbine: 
(a) Dial indicator for shaft alignment, permanently mounted 


at the top of the bearing, 
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(b) Píesomster taps in speed ring vanes, together with piping and = 
recording meter for recording the flow through the turbine, The recording | 
meter shall be similar and at least equal to the sinplex Valve and Meter 
Conpany's Type MGO Meter Register, for indicating, recording and totalising, 
The recording equipment will be calibrated during the fjeld test. 

(c) One standard l0-ohm temperature detector in each segment 
of the bearing, and one bearing temperature relay ín the bearing so 
located as to indicate the hottest spot and with leads to a terminal 
board to be located in the turbine pit. The teuperature detectors will 
be connected to temperature indicators to be furnished by the Purchaser. 
The temperature relays shall bo similar and equal to the General Electric 
TYPE TBe2 which closes a pair of contacts when the temperature reaches 
approximately 105 degrees Centicrade, 

The Contractor shall furnish the piezometers for turbine flow 
of standard iron pipe size brass piping, to be brought individually to 
the turbine floor level and provided with valves and Caps, 

instrument Panel, All switches, relays, motor controls and all 
other electrical equipment for each unit, not specifically indicated to be 
mounted elsewhere, shall be mounted on an instrument panel to be furnished 
by others and installed on the turbine floor, Rach Contractor shall furnish 
the specified equipment for his contract, all to match in appearance, as 
approved by the Engineer, to provide uniform appearance and operation, 


21, LUBRICATION = EXTRA COST. The Gentractor shall furnish, as an alternate, a 
"one-shot" centralised lubrication system to lubricate all of the working parts of 


/ the turbine 
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except the main guide bearing. This covers lubrication of the gate stem 
bearings (three per gate stem), gate shifting ring, servo-motor connecting 
Tods at tie gate ring connection, and gate links, 

The grease shall be distributed by two circular brass pipes, one 
mounted on the gate siifting ring, the other outside of the gate stem 
circle, Solid connections shall be used as far as practicable, The 
grease piping shall be carefully installed in order that there will not 
be possibility of any leakage or breakage. To this end the piping 
syaten shall be tested under 1000 lbs, per square inch pressure. 

The system shall be "Farval"|single Ling iype or equal, as 
approved by the Engineer, The E An have ample capacity 
for camplete greasing three timos a day for eight days. Compressor 
shall be furnished with a pressure gauge. 


22. BOLTS AND HUTS. The parts of the turbine already installed, 
gach as the throat ring support, speed ring, servo-motor bays in the 
pit liner, eto. have bolting flanges or pads with bolt holes tapped 
or threaded to standards other than those customarily used in the 
United States, Where the corresponding bolts, stude and nuts have been 
supplied with the installed parts for complete aesembly with adjacent 
parts to be furnished under these specifications, such bolts, studs and 
nuts will be used and the Contrector shall design and drill adjacent 
bolt holes to matéh, 

Where such bolts, studs and nuts are not available, or cannot 
be threaded or tapped by the Purchaser to match the tapped holes in the 
installed parts, the Contractor shall furnish the necessary bolts, or 
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studs and nuts to U, 5. Standarde and the tapped holes in the installed 
parts will be drilled and re-tapped to suit, 

All finished bolts, studs, nuts, screws, etc, necessary for 
assenbly of the parts to be provided under these specifications shall be 
made ín accordance with U, S, Standards, 

Bolts and nuts shall be made of corrosion-resisting steel or 
bronze when subject to frequent adjustment or removal, such as adjusting 
bolts for gland rings of stuffing box, removable screens, strainers and 
adjustable bearings. 


23, BOLT GUARDS, The Contractor shall provide suitable gevei-coree 
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metal covers or protective screens 





at the coupling between sections of the nd yn and the revolving blades 


2h. STAIRWAYS, PLATFORMS AND LADDERS. The Zontractor shall furnish 
working, operating, and inspection PONE d with stairs, hand- 
railing, floor plates and gratings where necessary in the turbine pit. 
All turbine pit equipment shall be easily removable for dismantling the 
turbine fram above, 

The floor around the head cover just above the bearing shall be 
grating with at least five removable sections as nearly equally spaced 
as possible to facilitate inspection of the bearing lubricating oil flow 
and of the head cover unwatering pumps, 
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25. SPARE PARTS, The following spare parts shall be furnished: 


l = Main turbine guide bearing shell completely 
lined with babtitt metal. 


Wicket gates and stems completely machined,‏ - با 

Gate stem levers,‏ — با 

2), = Breaking linke for gate operating mechanism, 
l Set - Gate stem bearing bushings, 


l = Complete set of packing and cup leathers for 
all parte where used, 


l - Complete set of cup leather molds (if cup leathers 
are used). 


3 - Oil strainer screens. 


Al. spare parts furnished shall be interchangeable with and 
of tho same materials and workmanship as the corresponding parts of 


the turbine furnished under these specifications, 


26, WRENCHES, TOOLS, LIFTING IEVICES, ETC. The Contractor shall 
furnish, with the turbine, all tools or other equipment that may be 
required or convenient for assembling and @imsantling of any part of 
the turbine, including attaching and removing the runner from the 
shaft, there shall also be included all bolts, studs, pressure 
grease fittings, lubricating devices, packing, gaskets and all other 
appurtenances that may be required to make the turbine a complete 
unit ready for operation. At least the following shall be 
furni shadi 

(a) À complete set of case-hardened wrenches 
and special tools mounted on a neat 


wood board with each item numbered or 
marked for ready identification, 





33. 


(b) Cables for lifting gates, operating ring, blade servo- 
motor, runner, gate servo-notors, top plate, bottom 
plate, throat ring, shaft, bearíng and gate mechanism, 
with necessary turnbuckles and shackles, 

(c) Lifting device for runner, shaft and gates, fye-bolts 
for blade servo-motor cylinder, for outer top plate, 
bearing, packing box and gate levers. 

(d) One couplinc bolt press, 

Oil and Grease, The Contractor shall furnish the initial supplies 
of o11 for filling the runner hub and for lubricating the guide bearing, 
plus 10 per cent additional of sach, and sufficient grease for the crease 


lubrication system to provide for 3 months use, 


27. SHOP ERECTION AND TESTS. The turbine, insofar as it is to be fure 
nished under these specifications, shell be assembled in the shop and inspected 
for trueness of gate ami blade movement, accuracy of closure contacts with . 
adjacent gates and other features of mechanical accuraoy in runner and shaft, 
Any imperfections shall be corrected and the turbine parts then dowelled and 
match-marked to insure correot assembly and alignment in the field, except for 
dówellings and fits to parts already installed in the field, 

The runner hub, when conpletely assembled in the shop, shall be 
tested for oll tighiness under double the pressure which exists under normal 
operation, 

The; servo-motor cylinders shall be tested under a gauge pressure 
of &50 pounds per square inch, using oil similar to that which will be used 
in operation, 


20, PAINTING. All surfaces shall be thoroughly cleaned before applying 
paint or protective compoumi, Exposed unfinished surfaces 
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of the turbine and accessories that are not to be in contact with 

water shall be given one shop coat of pure red lead and linseed 

oll paint prior to shipment. All such surfaces that will be in 

contact with water shall be given a snop coat of paint, of a type 
recomended by the manufacturer and approved by the Consulting Engineer, 
All finished surfaces shall be coated with a suitable: rust-preventative 
compound, Al) surfaces subject to contact with lubricating or gov- 
ernor oil shall be painted with a special oil resisting enamel, All 


painting after erection will be done by the Purchaser, 


29. OPERATING INSTRUCTIONS, The Contractor shall assemble 
parts catalogs and operating instructions for the turbine and 
governing equipment separately, which may be needed or useful in 
operatinn, maintenance and repairs, in aii table common cover, and 
shall furnish three copies of such assembled data and instructions, 


30, DRAIN VALVE, ‘The Contractor shall furnish one 30" hand- 
operated gate valve, outside screw and yoke type with iron body, 


bronze mounted,for draining the scroll case, wolf Ral up sections 


make up the one meter distance between flanges of the present installed 
piping. Ihe two zake-up sections shall be left blank and drilled in 
the field to the exact drilling of the 800 mm, diameter drain piping 
&lready installed, Bolts for connection to present drain pipe are at 
the site. 

3l. ACCEPTANCE TESTS, Within one year after the turbine has 
been installed and placed in commercial operation, or not to exceed 


two years after completion and offer of shipment, the turbine: will 
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be tested by and at the expense of the Purchaser, to determine whether 
or not the contract requirements have been fulfilled. Efficiency and 
capacity tests will be made at net effective heads, available at the 
time, between the spocifisd operating limits, Prior to the tests, the 
interior of tho apparatus will be inspected by the Contractor and the 
Purchaser, Should such inspection disclose any damage or wear to have 
taken place that will impair the efficiency or capacity of the apparatus, 
` the Purchaser will, at his own expanse, restore such work or damaged 
parts as nearly as practioable to their original undzmeged coniition, 

The acceptance tests will be conducted in accordance with the 
"Test Code for Hydraulic Primo Movers, Approved by Council, June, 
19368", of the American Society of Mechanical Engineers. The quantity 
of vater passing through the turbine will be determined by the Oibson 
method or other suitable method agreed upon by the Contractor and the 
Purchaser, 

Full details of the methods to be used in calibrating the 
instruments, deternining generator losses, moasuring effective head, 
quantity of water, generator output, number of test runs, loads at 
which tests are to be made, and other dotails, all conforming to the 
genera! methods prescribed hy the aboveestipulated test code and the 
other requiremonts of this paragraph, shell be agreed upon hy the 
Contractor and the Purchaser prior to making the acceptance tests. 


QOVERNOR EQUIPMENT 


32, GENERAL. The — à equipment for the turbine shall be the 
Woodward Governor Company's Cabinet actuator type. The governi equip- 
ment shall consist of an actuator unit, permanent magnet generator, two 
pumping units, sump tank, pressure tank, all piping and fittings, restor- 
ing rod mechanisms and all the necessary parte and accessories required to 
make a complete unit for regulating the speed and controlling the gate and 
blade operation of the turbine, except those parts specifically exempted 
herein, 

The governing system shall be designed to operate at a maximum ۱ 

working pressure of 300 lbs. per square inch, and shall be guaranteed to 
safely withstand 450 lbs. per square inch test pressure, The system 
shall have adequate capacity to supply the necessary quantity of oil to 
the servo-motors to operate the turbine gates and the runner blades, from 7f " Mi 
closed to full open or vice versa in 5 seconds st maximum operating head 3 . | 
with a minimum pressure of 250 lbs. per square inch, A V^ E 


33. ACTUATOR AND CONTROLS, The speed responsive element of the 
actuator shall be driven by an alternating current motor receiving ite 
power supply fron & permanent magnet generator driven by the turbine. 
The speed responsive element shall be anti-friction type and shall be 
capable of causing the actuator to admit oil to the servo-motors for a 
corrective movement of the turbine gates in consequence of a speed vari- 
ation of the turbine of one-fiftieth of one percent or less beyond the 





lap of the relay valve as determined by shop tests with pressure gauges 
substituted for servo-motors,. The speed of the responsive eloment shall 
vary directly with the speed of the main shaft of the turbine for all 
rates of acceleration and deceleration, including starting, 

The actuator cabinet will be located on the generator floor, 
and shall be totally enclosed. All of the necessary valves to control 
the oil for the actuating mechanism shall be of the hydraulically 
. operated type, incorporated as an integral part of the actuator unit and 
shall be controlled by a manually operated pilot valve mounted on the 
control panel. All mechanism necessary to pernit automatic and manual 
hydraulic control of the oil pressure to the gate servo-motors and the 
blade servo-amotor shall be included, The relay valve for gate control 
(and blade control) shall be of the oil pilot operated type, 

All electrical control wiring within the actuator shall ter- 
minate in suitable terminal blocks, located within the actuator housing 
and resdily accessible by steel doors in the housing. They shall be 
grouped on one side of the actuator and sufficient space shall be pro- 
vided below these terminal blocks and within the housing to accommodate 
all incoming conduit. All control wiring within the actuator shell be 
color coded, It shall be neatly and properly supported and protected 
from "— where such may occur. 

The relay operated oil pilot valve shall be conneeted in such 
& way that the operation of the overspeed trip on the main shaft will 
provide a complete shut-downof the unit after it has reached a pre- 
determined overspeed in case of failure of the permanent magnet gener- 





ator or other controls. 

The action of the governor in responding to and correcting 
speed changes shall be practically dead-beat and the governor: shall 
operate without racing or hunting. The governor shall be capable of 
holding the speed of the unit governed as close as possible to normal 
when operating at any constant load within the capacity of the turbine, 
provided the voltage regulator is properly adjusted and there is no 
surging on the electrical end. The speed droop fram no load to full load 
shall be adjustable from sero (0) upward, 

The generator is being purchased with a flywheel effect of 
36,000,000 lbs, ۰ 

The governor shall be equipped with means for varying the rate 
of movement of the turbine gates for a range that may be found desirable 
under operating conditions from 5 seconds, per complete opening or clos- 
ing stroke, upward. 

Necessary auxiliaries shell be provided to permit control from 
the switchboard of the setting of the gate limit and speed adjustaemt, 
and indication of the gate position, gate limit, unit speed and instant 
of turbine break-away and final stopping of rotation. All switchboard 
instruments shall be Westinghouse Electric and Manufacturing Co. Type 
KA, L" high by h-l/l" wide, flush mounted,with white dials and black 
marking, All dials, gauges, and other instruments or controls mounted 
on the actuator cabinet shall be designed for flush mounting with flanges. 

The front of the actuator shall form a panel on which the con- 
trols and instruments shall be mounted in a harmonious and workmanlike 
manner, The Contractor shall furnish the following controls and 
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instruments and where so specified shall install them on the actuator, 

(1) Gate Limit, A gate limit control device which oan 
be operated manually at the actuator and also electrically from the 
switchboard by means of a 250 volt, directecurrent, split-field motor, 
with suitable magnetic or friction clutch, 

(2) Speed Level, A speed level controlling device which 
can be opsrated manually at the actuator and also electrically from the 
switchboard by means of a 250 volt, directecurrent, split-field motor, 
with suitable magnetic or friction clutch, 

(3) Automatic Shut-cown. A device for closing and opan- 
ing the turbine gates at the normal rate of movement which can be opere 
ated manually at the actuator, and with reuote electrical closing cone 
trol from the switchboard, The manual operation of this device shell 
require manual resetting at the actuator before the turbine pates can 
be regpenec, This device will be used for automatic stopping of the 
turbine by means of the automatic protective features in connection 
with the main generator, covernor equipment, or transformers, The shut» 
down solenoid shall be designed for continuous service at 250 volts, 
direct current, and to shut down the unit when enercíiszed, 

(L) Speed Indicators, ‘Two electrically operated speed 
indicators, one mounted on the actuator and one to be mounted by the 
Purchaser on the switchboard to indicate the speed of the turbine, A 


suitable mameto-type generator shall be included in the eovernor drive 





generator housing and shall be direct connected or reared to the “overnor 
generator shaft for operatinr the speed indicators of each unit. “ach speed 
| indicator shall be provided with calibration adjustment, Suitable 
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means for indicating turbine breakaway and final stopping of the unit 
shall be -provided, 


(5) Manual Control, Manual control of the turbine gates 





at the actuator Ly moans of oil pressure from the governor oil pressure 
system, the transfer from actuator to hand control and vice versa shall 
be as convenlent as possible, l 

(6) Pressure Gauge, A duplex pressure gauge mounted on 
the actuator, graduated in pounds per square inch, for indicating tha 
air pressure in the sir system and also in the generator brake cylinders, 

(7) Pressure Gauges, A pressure gauge mounted on the 
actuator to indicate the pressure in the governor oil system, with electrical 
transmitter and gauge for similar indication on the switchboard, 

(8) Position Indicators, 4 rate-limit indicator and gate- 
position indicator of the dual type for mounting on the main control 
board and a similar instrument to be mounted on the ectuator, Fach 
instrument shall te of a type and size &;proved by the Engineer and shall 
indicate the position of the zovernor gate-limit device and the position 
of the turbine gates, 

A dial indicator mounted on the actuator to show the position 
of the blades, 

(9) Overspeed Switch, An overspeed switch mounted on and 
fonaing part of the rovernor drive generator, arranged to shut down the 
turbine and to sound an alarm upon overspeed. Three pairs of 1.5 ampere, 
250 volt, direct—current, ungrounded contacts shall be provided, change- 
able from circuit opening to oircuit closing as desired, These contacts 
shall be adjusted to operate at any speed from 125 percent of normal to 


a speed higher than the maximum speed the turbine can develop with loss 


of full load, under governor control, with any adjustment of rate of 
gate movement specified herein, The contacts shall reset automatically 
at 115 percent of normal speed. The alarm will be furnished by the 
Purchaser, 

(10) Speed Droop, A device for controlling the speed 
droop of the turbine, which can be operated manually at the actuator, 
The amount of speed droop shall be adjustable from sero to 5 percent, 
The design of the speed-droop control mechanism shall be such that it 
will be possible to adjust it so as to secure the most efficient divi- 
sion of load between this turbine and the similar turbines to be 
installed in the future, and between this and interconnected power 
plants according to their individual characteristics and the load 
requirements of the systen, 

(11) Auxiliary Switches, Five independent auxiliary 
switches operated from the turbine-gate motion, Each switch shall be 
adjusted to close or open its contacts at any point from sero to three= 
tenths gate opening, as desired. The contacts shall be ungrounded and 
suitable for interrupting 1.5 amperes at 250 volts, direct current. 

(12) Air Valve. A combination automatie and hand- 
operated air valve for controlling the operating of the generator brakes. 
The air valve shall be arranged so that the brakes cannot be applied 
until the turbine gates are fully closed and the generator disconnected 
from the line, When operated automatically the brake application shall 
in addition be deferred until the unit speed has decreased to approxi- 
mately 20 revolutions per minute. The operations of the automatic air 
valve shell be initiated by means of a control switch on the actuator 
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with manual and automatie operating positions, The switch shall be 
spring-return to "off" from the "manual" position and maintaining in 
the "automatic" position, When on the "manual" position, the switch 
shall control the air-brake valve directly. "hen on the "automatic" 
position, the switoh shall control the air-brake valve through a timing 
device to cause internittent brake application with tine periods 
adjustable, The brakes shall be released after an adjustable period of 
time sufficient to assure that the unit has been brought to a complete 


` Stop. An indicating lamp shall be lighted on the switchboard when the 


control switch is on the "automatic" position. The hand control shall 
be adequate for operating the valve when the solenoid for the automatic 
operation is energised and shall be provided with a spring-loaded, hand- 
grip release to break the electrical circuit, 

(13) Preasure Switch, A pressure switch with an adjustable 
l.S-ampere, 250 volt, direct-current, ungrounded contact to close an 
alarm cirouit when the governor oil pressure drops to a predetermined 
valus. The alarm will be furnished by the Purchaser, 

(14) Pressure Switeh. A pressure switch with an adjustable 
l.5-ampere, 250 volt, direct-current, ungrounded contact to open on 
extremely low governor oil pressure, for use as a starting interloek, 

(15) Provision for Speed Matching. Provisions for later 
installing a device for automatically matching the speed of the turbine 
with the speed of the system, to be used in conjunction with automatie 
synchronising equipment furnished by the Purchaser, 
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(16) Low-speed Switch. A low-speed switch mounted on 
and forming a part of the governor-drive generator, arranged to close 
the automatic-alr—valve circuit when the speed of the unit is less than 
20 revolutions per minute, A 250 volt, direct-current, ungrounded 
contact is desired, having sufficient capacity for the aiíir-brake control 


P 


circuit, 


(17) Penstock Pressure Gauge. A gauge to show the pen- 
stock pressure in kilograms and the head in meters, 


34. PERMANENT MAGNET GENERATOR, The permanent magnet generator, 
to supply current to the governor head motor, shall be direct-connected 
through a dry type flexible coupling to the shaft of the exciter or 
pilot exciter, The generator contractor will design the frame of the 
exciter and the exciter shaft to provide suitable mounting and drive for 
the permanent magnet generator, 

The enclosure for the permanent magnet generator shall contain 
the direct-connected overspeed and underspeed switches and the nagneto- 
type speed indicator generator hereinbefore specified, 


35. GOWERWOR OIL PUEFS. The governor shall be provided with two 
motor-driven oil pumps of the rotary or screw type, having a combined 
capacity per minute of 3-1/3 times the total volume of the servo-notors 
of the turbine for usual or "reg: " operation, and an additional 
"reserve" pump of the same size as one of these pumps to serve as a 
replacement in case of breakdown, The pumps shall be mounted on the 
sump tank, suitably isolated to minimize vibration and noise, 
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The pumps shall be self-priming under the maximum oil pressure. 
The motors shall be direct connected to the pumps and shall be 3 phase, 
50 cycle, 380 volt, squirrel cage, low-starting current, induction type, 
lO-degree Centigrade temperature rise, designed for full voltage starting 
and conforming to the standards of the National Eleetric Manufacturer's 
Association and the American Standards Association. The motors shall 
have ball bearings and closed conduit boxes and the windings shall have 
moisture- and oil-resistant insul sion. 

Automatic controls which will start the pumps when the oil 
pressure in the pressure tank drops to a predetermined point and which 
will stop the pumps when the oil pressure rises to a predetermined point 
shall be furnished with the pumping units, Suitable terminal blocks with 
marking strips shall be provided in accessible places for the control wir 
ing, The starting equipment shall be arranged so as to start the motors 
and permit them to reach full speed before the pumps load and to unload the 
pumps before the motors are disconnected from the power supply. 

The two governor oil pumps for "regular" operation shall be inter- 
connected so that they can be operated independently or together, The 
"reserve" pump shall be interconnected so that it can be substituted for 
either of the two regularly operated pumps, The connections of each pump 
shall be so arranged that the pump may be disconnected, removed for 
repair, and replaced without interfering with the continuous operation of 
the other pump operating in parallel with it. "hen operating together, 
the interconnection and autamatic control of the two "regular" pumping 
units shall be such that either pumping unit may be used for normal 


operation, with the other unit serving as a stand-by unit, arranged to 
Start automatically either on failure of the electric power supply to 

the operating pump or upon the oil pressure falling below a predeter- 
mined amount, The stand-by pump shall then start automatically and 
deliver oil to the pressure systex. Bach pumping unit shall be provided 
with a unloader valve, check valve, safety valve, and a suitable number 
of hand-operated valves in the suction and discharge pipe lines so as to 
constitute a complete unit with the minimum number of flanged or screwed 
connections, The unloading valve, safety valve, and starting and stopping 
pressure relays shall be accurately set and tested in the Contractor's 
shop for running conditions. Magnetic starting contactors with discon- 
necting switches and protective relays shall be furnished by the Contractor 
and shall be mounted on or adjacent to the pumping unite. 


36, PRESSURE TANK, The pressure tank will be located on the turbine | 
floor, The pressure tank shall be of welded construction, constructed 
and tested in accordance with paragraphs U-69, U-76, U-77 and other 
applicable paragraphs of the A.S.M.E. Code for Unfired Pressure Vessels, 


Section VIII. (n 


rre ene Laeti) Ihe tank shall have a capacity of not less 


than 20 times the volume of the servo-motors of the turbine, and shall 





contain 5 volumes of oil and 15 volumes of air at maximum working 


pressure, 





The pressure tank shall be provided wit a manhole and 
equipped with & sight gauge to indicate the elevation of the oil level 
in the tank and with a manually operated air blow-off valve. The oil 
Level. gauge glass shall be protected from accidental breakage by means 
of suitable guards and shall be provided with both hand shut-off valves 
and automatic means of shutting off air and oil discharge from the 
pressure tank in the event of breakage of the gauge glass, 

All connections to the pressure tank, except the air blow-off, 
the connection to air compressor and the upper gauge glass connection, 
shall be made below the low oil level. Provisions shall be made so that 
the oil level cannot fall so low as to admit air fram the upper part of 
the tank into the oll piping systen, By-pass valves shall be provided 
to drain the pressure tank into the sump for cleaning or repairs, 


37. SUMP TANK, The sump tank shall have a capacity of not less 
than 110 percent of the total quantity of oil in the entire governor 
systen,. The sump tank shall be provided with a manhole for access to 
the interior of the tank and with an easily removable strainer through 
which all oil returned from the servo-motors shall pass. The sump tank 
shall be provided with an oil-level gauge for indicating the quantity of 
ail in the tank, a drain connection for draining the tank, and suitable 
connections for an oil purifier to be furnished by the Purchaser, 


38. PIPING. The Contractor shall furnish all necessary oil piping, 
fittings and valves for the governing system. Connections shall be 
provided for interconnecting piping for the future units, The piping 
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shall be of such sise that the maximum velocity of the oil shall not 
exceed l5 meters (15 feet) per second, The piping shall be seamless, 
iron-pipe mise, steel tubing, and all pressure pipe larger then 5 cm, 
(2") in diameter shall be provided with extra heavy steel Van Stone or 
equal flanges, The low pressure piping may be provided with standard 
cast-iron flanges. Whenever feasible to do so, long radius pipe bends 
shall be used in lieu of pipe fittings. Only such flanged connections 
shall be provided as may be necessary for shipment and erection, or 
aubsequent dismantling for repair. The entire piping system shall be 
fusion welded insofar as practicable, in aecordance with the American 
Standards Association Code for Pressure Tanks, applicable paragraphs of 
Section 5, Chapter 3. The piping shall be cut to length and fitted with 
flanges and thoroughly cleaned and protected, as hereinafter specified. 

All valves except valves built in and forming an integral part 
of the governor or pumping units shall be of the rising stem, steel-body, 
bronse-mounted type, All gate valves in the pressure línes shall be 300- 
lh. standard, cast-steel, solid-wedge type and shall have close guide 
clearance so as to minimise vibration of the gates when operating under 
pressure and at partial opening. 

The ends of sections of piping shall be capped with standard 
blind flanges and gaskets to exclude dirt and moisture in transit and to 
protect the finished faces of the flanges, All necessary studs, bolts, 
nuts, washers, gaskets, packing, etc., required in field assembly of the 
governor oilepiping system shall be furnished, 


UT 


3». RESTORING CONDSCTIUNS. The restoring connections between the 
Actuator anc gate servo-a0tors and between the actuator and runner blade 
control head shall be of the re-formed aviation cable type, weipnt 
loaded on the actuator end, The cable shall be fastened to tie piston 
rod or trunk piston of the servo-motor by means of a connection provided 
by the turbine contractor. The cable shall be er on grease- 
packed ball-bearing sheaves and completely enclosed in a grease-tight 
metal housing. Provision sbsll be made for taking up any stretch in the 
cable. Straps and U=-bolts shall be furnished for clampin: the metal 
housings of the restoring counections to the piping. After the restoring 


connections have been assembled permanently in the field و‎ the connection 


will be filled with grease to make the entire connection self-libricating. 


KO. AIK COMPRESSOR. An air compressor for make-up air for the 
governor system shall be provided with the :overnor. The unit shall have 
a piston diísplaceaent of not less than 20) cu. deciueters per minute at 
136 Kilogran pressure (7 مه‎ at 390-lb, pressure). The compressor unit 
shall be an air-cooled, two-stage, V-belt, motomdriven unit with compressor 
and motor mounted together on an integral base. Power for the notor will be 
3 phase, 50 cycle, 330 volts. Suitable manual starter similar and equal to 
Westinghouse "Sentinel Breaker", and intake filter and muffler shall be 
furnished, 


hl. WRENCHES AND TOOLS, A complete sat of any special tools, which 
may be necessary or convenient for assembling and dismantling the governor, 
shall be provided, The tools stiall be mounted on a neat hardwood board 


with each item marked for ready identification, 
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l2. SHOP ERECTION AND TESTS, The governor and auxiliary equipment 
shall be completely assembled in the Contractor's shop and tested inso- 
far as practicable, The pressure tank shall be subjected in the shop 
to a hydrostatic test of 50 pounds per square inch, The low-pressure 
oil sump shall be tested for leaks by means of hot oil before any 
painting is done, Various parts shall be properly oe and 
doweled to insure correct assembly and alignment in the field, The 
entire system subject to governor oil pressure will be tested after 
erection in the field under a pressure 50 percent above the maximum 
working oil pressure and must be capable of safely withstanding the test 
pressure, 

The unit shall be shipped complete and ready for operation 
with the exception of the external piping. Field testing after erection 
will be done by the Purchaser to determine whether the equipaent meets 
these specifications and the guarantees of the Contractor, 
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43. PAINTING. The in r surfaces of the pressure and sump 
tanks shall be carefully s lasted, and then immediately painted one 
coat of Lilly Varnish Company's Special Qil Proof Enamel, or other 
suitable costing, to prevent deterioration of the mstal, The inside of 
any piping permanently attached to the tanks shall be painted the same 
as the tanks, 

The exterior surfaces of the pressure and sump tanks shall be 
cleaned by sand-blasting and then filled, primed and finished as herein 
after specified for the actuator, 





dic ie ao a RE ۳۹ 5. 











/ 

l5, SPARE PARTS. The following spare parts shall be furnished: 
(a) 1- Pilot valve bushing and plunger, 
(b) 1 = Relay valve bushing and plunger, 


(c) 1 - Complete governor head, including 
motor stator and rotor. 


(d) 1 = Governor dashpot assembly, 


(6) 1l = Oovernor-headedrive generator 
stator and bearings. 


(f) 1 = Complete set of packings. 


All spare parts shall be interchangeable with and of the same 
materials and worlmanship as the corresponding parts of governing equip- 
ment furnished under these specifications, 


46, ARTICLES TO BE FURNISHED BY OTHERS, The Purchaser will furnish 
the following: 


(a) Oil storage tanks, oil filtering system and 
` all piping and fittings ineident thereto, 


(b) Air lines from compressor to pressure tank 
and to air brake valves. 


(a) Air lines from actuator to generator air 
brake cylinders, 


(d) All external wiring and oonduits. 
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